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ABSORBENT MATERIALS HAVING IMPROVED ABSORBENT PROPERTY 
AND METHODS FOR MAKING THE SAME 



FIELD OF THE INVENTION 
The present invention relates to absorbent materials which, upon contacting liquids 
such as water or body fluids, swell and imbibe such liquids. More specifically, the present 
invention relates to absorbent materials having at least one improved absorbent property 
after swelling. The present invention has particular applicability to absoibent articles such 
as diapers, adult incontinence pads, sanitary napkins, and the like. 



BACKGROUND OF THE INVENTION 
Water-insoluble, water-swellable, hydrogel-forming absorbent polymers are capable 
IS of absorbing large quantities of liquids such as water, body fluids (e.g., urine, blood, 
menstrual fluid), industrial fluids and household fluids and are ftirther capable of retaining 
such absorbed liquids under moderate pressures. The absorption characteristics of such 
polymer materials make them especially useful for incorporation into absoibent articles such 
as disposable diapers, adult incontinence pads and briefs, and catamenial products such as 
30 sanitaiy napkins, and the like. 

The development of highly absoibent members used in such absorbent articles are 
the subject of substantial commercial interest. A highly desired characteristic for such 
products is thinness. For example, thinner diapers are less bulky to wear, fit better under 
clothing, and are less noticeable. They are also more compact in the package, making the 
25 diapers easier for tiie consumer to cany and store. Compactness in packaging also results in 
reduced distribution costs for the manufacmrcr and distributor, including less shelf space 
required in the store per diaper unit. 

The ability to provide thinner absorbent articles such as diapers has been contingent 
on the ability to develop relatively thin absorbent cores or structures that can acquire and 
30 store large quantities of discharged body fluids, in particular urine. In this regard, the use of 
certain absoibent polymers often referred to as -hydiogels," «superabsorbents" or 
"hydrocolloid" material has been particularly important. See, for example, U.S. Patent 
3.699,103 (Harper et al), issued June 13, 1972, and U.S. Patent 3,770,731 (Harmon), issued 
June 20, 1972. tiiat disclose the use of such absorbent polymers (hereafter "hydrogel-forming 
35 absorbent polymers") in absoibent articles. Indeed, the development of tiiinner diapers has 
been tiie direct consequence of thinner absorbent cores that take advantage of the ability of 
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these hydrogel-forming absorbent polymers to absorb large quantities of discharged body 
nuids. typically when used in combination with a fibrous matrix. See, for example. U.S. 
Patent 4.673.402 (Weisman et al), issued June 16. 1987 and U.S. Patent 4,935,022 (Lash et 
al). issued June 19, 1990, that disclose dual-layer core structures comprising a fibrous matrix 
and hydrogel-forming absorbent polymers useful in fashioiung thin, compact, nonbulky 
diapers. 

In the meanUme. prior absorbent structures have generally comprised relatively low 
amounts (e.g., less than about 50% by weight) of these hydrogel-forming absorbent 
polymers. See, for example. U.S. Patent 4.834.735 (Alemany et al). issued May 30, 1989 
(preferably from about 9 to about 50% hydrogel-forming absorbent polymer in the fibrous 
matrix). There are several reasons for this. The hydrogel-forming absorbent polymers 
employed in prior absorbent structures have generally not had an absorption rate that would 
allow them to quickly absorb body fluids, especially in "gush" situations. This has 
necessitated the inclusion of fibers, ^ic^ly wood pulp fibers, to serve as temporary 
reservoirs to hold the discharged fluids until absorbed by the hydrogel-forming absorbent 
polymer. 

More importantiy. many of the known hydrogel-forming absorbent polymers 
exhibited gel blodcing when they are used in absorbent articles in a high concentration. "Gel 
blocking" occurs when particles of the hydrogel-forming absoibent polymer are wetted and 
20 the particles swell so as to inhibit fluid transmission to oUier regions of the absortjent 
stnicture. Wetting of these other regions of the absorbent member therefore takes place via a 
very slow diffiision process. In practical terms, this means acquisition of fluids by the 
absori)ent stnicture is much slcwver than the rate at which fluids are discharged, especially in 
gush situations. Leakage firom the absorbent article can take place weU before tiie particles 
of hydrogel-forming absoibent polymer in ttie absoibent member are fully saturated or before 
tiie fluid can difRise or wide past the "blocking" particles into the rest of the absoibent 
member. Gel blocking can be a particularly acute problem if the particles of hydrogel- 
forming absorbent polymer do not have adequate gel strength and deform or spread under 
stress once the particles swell with absorbed fluid. See U.S. Patem 4,834,735 (Alemany et 
30 al), issued May 30. 1989. 

This gel blocking phenomena has typically necessitated tiie use of a fibrous matrix 
in which are dispersed Uie particles of hydrogel-forming absoibent polymer. This fibrous 
matrix keeps the paitides of hydrogel-forming absoibent polymer separated firom one 
another. This fibnnis matrix also provides a capillaiy structure that allows fluid to reach the 
hydrogel-forming absoibent polymer located in regions remote firom the initial fluid 
discharge point. See U.S. Patent 4,834,735 (Alemany et al), issued May 30, 1989. However. 
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dispersing the hydrogel-forming absorbent polymer in a fibrous matrix at relatively low 
concentraUons in order to minimize or avoid gel blocking may lower the overall fluid storage 
capacity of thinner absorbent structures. Using lower concentraUons of these hydrogel- 
forming absorbent polymers limits somewhat the real advantage of these materials, namely 
their ability to absorb and retain large quantities of body fluids per given volume. 

In general, increasing the gel strength of hydrogel-forming absorbent polymers can 
contribute to decrease gel blocking. Gel strength relates to the tendency of the hydrogel 
formed from these polymers to deform or "flow" under usage stresses. Gel suength needs to 
be such that the hydrogel formed does not deform and fiU to an unacceptable degree the 
capillaiy void spaces in the absoibent structure or aiticle, thereby inhibiUng the absorbent 
capacity of the structure/arUcle, as weU as the fluid distribuUon through the structure/article. 
High gel strength usually obtained by crosslinking. It is believed that crosslinking increases 
the resistance to deformation of hydrogel-forming absorbent polymer surfaces. However, 
crosslinking has a deep impact on the absorbent capacity of a hydrogel-forming absorbent 
polymer. In general, absotbem capacity or "gel volume" has inverse power-law dependence 
on the level of crosslinking. That is. high crosslinking level results in high gel strength but 
low gel volume. Gel volume is a measure of the amount of water or body fluids that a given 
amount of hydrogel-forming polymer can absorb. It is required that gel volume is 
sufficiently high in order that the hydrogel-forming polymer can absorb significant amounts 
of the aqueous body fluids encountered during use of the absorbent article. 

Another important factor that has to be considered is the liquid permeability of 
hydrogel-forming absorbent polymers. It has been discovered that the permeability or flow 
conductivity of the gel layer formed by swelling in tiie presence of body fluids is extremely 
important when tiiese absorbent polymers are used in absorbent cores or members at a high 
concentration in localized or tiuoughout regions thereof. It should be noted that lack of the 
liquid permeability or flow conductivity of absorbent polymers may directiy impact on the 
ability of resultant gel layers to acquire and distribute body fluids. 

Yet another important factor of hydrogel-forming absorbent polymers is the level of 
extractable polymer material present therein. See U.S. Patent 4,654.039 (Brandt et al). 
issued March 31, 1987 (reissued April 19. 1988 as Re. 32,649). Many hydrogel-forming 
absorbent polymers contain significant levels of extractable polymer material. This 
extractable polymer material can be leached out from the resultant hydrogel by body fluids 
(e.g., urine) during the time period such body fluids remain in contact with the hydrogel- 
forming absoibent polymer. It is believed such extracted polymer material can alter both tiie 
chemical characteristics (e.g., osmolarity) and physical characteristics (e.g.. viscosity) of the 
body fluid to such an extent tiiat tiie fluid is more slowly absorbed and more poorly held by 
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the hydrogel. This pol>Tner contaminated fluid is also more poorly transported through the 
absorbent member. Such a situation can contribute to undesirable and premature leakage of 
body nuid from the absorbent article. Thus it is desirable to use hydrogel-forming absoibent 
polymers with lower levels of extractable polymer material. 

A further important factor that has to be considered in order to take fiiU advantage 
of the high concentration of hydrogel-fomung absorbent polymers in thinner absoibent 
articles is the wet integrity of the region or regions in the absoibent member that comprise 
these polymers. By "good wet integrity" is meant that the region or regions in the absoibent 
member having the high concentration of hydrogel-fonning absorbent polymer have 
sufficient integrity in a partially wet, and/or wetted state such that the physical continuity of 
the hydrogel formed after swelling in the presence of body fluids is not substantially 
disrupted or altered, even when subjected to nonnal use condiUons. During normal use. 
absoibent cores in absoibent articles are typically subjected to tensional and torsional forces 
of varying intensity and direction. These tensional and torsional forces include bounching in 
the crotch area, stretching and twisting forces as the person wearing the absorbent article 
walks, squats, bends, and the like. If wet integrity is inadequate, these tensional and 
torsional forces may cause a substantial alternation and/or disniption in the physical 
continuity of the hydrogel. Such alternation could minimize or completely negate any 
advantageous fluid distribution (permeability/flow conductivity) property of tiie hydrogel- 
forming absort)ent polymer. Such alternation and/or disniption may also cause tiie gel to 
mobilize and bring about the disclosure of the gel to the surface of absoibent article, 
therefore cause the so called "gel-on-skin" problem. 

Still another important fector of hydrogel-forming absoibent polymers used in 
tiunner absortwnt article is the jelly/mushy feel when touching and handling tiie absorbent 
article after usage. When hydrogel-forming absorbent polymer is dispersed in region or 
regions at a high concentration, tiie s>,vollen gel formed by absorbing body fluids is a gel 
layer tiuit the particulate is mobile and ti»e gel layer is collapsed when subjected to forces 
such as pushing, squeezing, etc. when handling tiie absoibem article after usage. This is 
why absoibent articles having high concentration of hydrogel-fonning absoibent polymer 
give users or consumers "wet/mushy" feel when touching or handling them from outside. 

Therefore, one object of tiie present invention is to prevent gel blocking phenomena 
caused in absoibent articles while maintaining required absoibent capacity. 

Yet anotiier object of the present invention is to prevent leakage of svrollen 
absoibent materials from absorbent articles. 

Still anotiier object of the present invention is to improve Oie jelly/mushy feel of 

absorbent articles after usage. 
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Yet another object of the present invention is to provide thinner absorbent articles. 
Still another object of the present invention is to provide thinner absorbent 
disposable articles such as diapers, sanitary napkins, tampons, and the like. 



SUMMARY OF THE INVENTION 
Briefly stated, the present invention relates to absorbent materials. In one aspect of 
the invenUon, an absorbent material comprises a mixture of (1) a plurality of absorbent 
gelUng particles comprising a water-insoluble, water-swellable polymer, and (2) an 
10 absorbent property modification polymer reactive with at least one component included in a 
urine, wherein the mixture is made by (i) applying a solution containing an organic solvent, 
water and the absorbent property modification polymer onto the plurality of absorbent 
gelling particles, wherein the weight ratio of the organic solvent to the water is at least 
50:50. and (ii) removing a portion of the organic solvent and water from tiie applied 
15 absorbent gelling particles. 

The present invention further relates to absorbent articles. In another aspect of tiie 
invention, an absorbent article comprises: (a) a liquid pervious topsheeu (b) a liquid 
impervious backsheet; and (c) an absorbent core positioned between the topsheet and the 
backsheet, wherein tiie absorbent core comprises the above described absorbent material. 
20 The present invention further relates to methods for making absoibent materials. In 

yet anotiier aspect of tiie invention, a metiiod for making an absorbent material comprises 
the steps of: (1) preparing a solution containing an organic solvent water and an absorbent 
property modification polymer reactive witii at least one component included in a urine, 
wherein die weight ratio of said organic solvent to said water is at least 50:50; (2) applying 
25 an amount of tiie solution onto a plurality of absori^ent gelling particles comprising a water- 
insoluble, water-swellable polymer; and (3) removing a portion of tiie organic solvent and 
water from the applied absorbent gelling particles. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a schematic view of an apparatus for measuring tiie Gel Bulk Density 

(GBD) value of the absortient materials. 

Figure 2 is a schematic view of an apparatus for measuring tiie Saline Flow 

Conductivity (SFC) value of the absorbent materials. 

Figure 3 represents an enlarged sectional view of tiie piston/cylinder assembly 

shown in Figure 2. 
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Figure 4 represents a plan view of the bottom of the piston head from the 
piston/Q'linder assembly shown in Figure 3. 

Figure 5 is a schematic view of an apparatus for measuring the Ball Burst Strength 
(BBS) value of the absorbent materials. 
5 Figure 6 is a schematic view of an apparatus for preparing a predetermined layer of 

the swollen absoibent materials. 

Figure 7 is a schematic view of an apparatus for measuring the Compression 

Recovery (CR) value of the absort)ent materials. 

Figure 8 is a graph showing the relationship between the compression/recoveiy load 

10 and the compression depth in the CR test 

Figure 9 is a graph showing one example of the relationship between the 
compression/recovery load and the compression depth in the CR test 

Figure 10 is a graph showing a comparison example of the relationship between the 
compression/recovery load and the compression depth in the CR test. 

IS 

DETAILED DESCRIPTION OF THE INVENTION 

A. Definitions. , 

AS used herein, the term "body fluids" includes urine, blood, menses and vaginal 

20 discharges. 

As used herein, the term "absoibent core" refers to the component of the absoibent 
article that is primarily responsible for fluid handling properties of the article, including 
acquiring, transporting. distribuUng and storing body fluids. As such, the absorix:m core 
typically does not include the topsheet or backsheet of the absort»ent article. 
25 As used herein, the term "absorbent member" refers to the components of the 

absoibent core that typically provide one or more fluid handling properties, e.g., fluid 
acquisition, fluid distribution, fluid transportation, fluid storage, etc. The absoibent member 
can comprise the entire absorbem core or only a portion of the absort^nt core. i.e.. the 
absoibent core can comprise one or more absoibent members. 

As used herein, the term "region" refers to portions or sections of the absoibem 

member. 

As use herein, the term "layer" refers to an absoibem member whose primary 
dimension is X-Y, i.e.. along its length and width, however, it should be noted that the layer 
has thickness. 
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B. Absorbent Materials of Uie Invention 

Absorbent materials of the present invention are capable of absorbing large 
quantities of liquids such as %vater, body fluids, industrial fluids and household fluids and are 
capable of retaining such liquids under moderate pressure. In particular, absorbent materials 
included in the absorbent members of the present invention will swell generally isotropically 

and absoib rapidly the liquids. 

Briefly stated, an absorbent material of the present invention comprises a mixture of 
(I) a plurality of absorbent gelling parUcles comprising a >*-ater-insoluble. water-swellable 
polymer, and (2) an absorbem property modification polymer reactive with at least one 
component included in a urine, wherein the mixture is made by (i) applying a solution 
containing an organic solvent, water and the absorbent property modification polymer onto 
the plurality of absortwnt gelling particles, wherein the weight ratio of the organic solvent to 
the water is at least 50.50. and (ii) removing a portion of the organic solvent and water from 
the appUed absorbem geUing particles. The process for making the mixture wUl be 
described in detail in the "Process for Making Absorbent Materials" section. 

In the mixmre, the absorbem property modification polymer is to be on at least a 
portion of the surface area of the absorbem gelling panicles, preferably 70%. most preferably 
more than 90% of the all surface area of the absorbent gelling particles. 

In preferred embodiments, titere is less covalem bonds between the absorbem 
» property modification polymer and the absoAent gelling particles. In a most preferred 
embodiment, there is no chemical bonds between ihc absorbem property modification 
polymer and the absorbent gelling particles. In such embodiments, most of the absortx^m 
property modification polymer is only associated to the absort^ent gelling panicles via inter- 
molecular interactions such as electrostatic interaction, hydrogen bonding interaction, and 
« vanderWaalsinteracUons. Therefore, the existence of the absorbem property modif.cauon 
polymer on tiie absort>em gelling panicles gives litUe effect to tiie gel volume of the 
absorbem gelling particles. Preferably, tiie existence of tiie absorbem property modification 
polymer causes less than 10% change of the gel volume of tiie resultant absorbem material. 
This can be also achieved by less amomit of chemical and/or physical bondings between the 
30 absorbent property modification polymer and the absorbem gelling particles. 

If there are certain chemical bonds between tiie absorbem property modification 
polymer and the absort«m gelling particles, it is prefened tiiat die type and extern of such 
chemical bonds have littie effect on the gel volume of the resultam absorbent matenal. The 
decn^ase in gel volume due to the association of the absorbem property modification polymer 
,5 with tiie absorbem gelling particles is preferred to be less Uian 10% Preferably, almost all 
functional groups of tiie absorbent property modification polymer are not used for bonding 
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the absorbent property modificalion polymer to the absorbent polymer of the absorbent 
material. These unused functional groups are preferably used for the bonds among the 
absorbent gelling particles after an application of a urine. 

Consequently, the absorbent gelling particles can be spontaneously connective 
5 through the absorbent property modification polymer in response to an application of a urine. 
Consequently, when the absorbent material is provided in the region at a high concentration 
(e.g., more than 90%), the absorbent material is formed into a porous aggregate of the 
swollen particles after an application of a urine. 

It should be noted that the unused functional groups of the absorbent property 
10 modification polymer of the absorbent material can be also reactive with the cxtractable 
components included in the hydrogel-forming absorbent polymers. More specifically, the 
absorbent property modification polymer is capable of trapping the extracted components 
which may cause a change of tiie characteristics of the body fluid. Therefore, the presence of 
the absorbent property modification polymer can lower the level of the extractable 
IS components of the absorbent material 

Absorbent materials of the present invention have at least one improved absorbent 
property. The absorbent properly can be improved by changing at least one physical 
property after swelling of the absorbent material. The "physical property" herein used 
includes (1) porosity, (2) liquid permeability, (3) wet integrity, and (4) recovery property 
20 when subjected to external forces, of an absorbent material after swelling by absorbing 
liquids. 

The porosity of an absorbent material after swelling is evaluated by conducting the 
Gel Bulk Density (GBD) test. The liquid permeability of an absorbent material after 
swelling can be evaluated by conducting the Saline Flow Conductivity (SFC) test. The wet 

25 integrity of an absorbent material after swelling is evaluated by conducting the Ball Burst 
Strength (BBS) test. The recovery property of an absorbent material after swelling is 
evaluated by conducting the Compression Recovery (CR) test The test methods for 
evaluating these properties as well as the gel volume and extractable components will be 
described in detail in the "Test Methods" section. 

30 In one aspect of the present invention, the absorbent material used in the absorbent 

member has such an improved absorbent property that when the absorbent material swells by 
absorbing a urine and is formed into a predetermined layer of the swollen absorbent material 
under a predetermined load, the layer of the swollen absorbent material has a Gel Bulk 
Density (GBD) value of below 0.95 g/cm^ in the GBD test. 

35 GBD is an important physical property after swelling of the absorbent materials of 

the present invention. This is t9 show their gel bulk density when swollen with body fluids 
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SO as lo fom a hydrogel zone or layer. This density is defined herein in terms of the GBD 
value of the absorbent material. GBD measures the weight per unit volume of a gel layer 
formed from the svvollen absotbem material, including voids inherem in the gel layer. In 
other words, GBD is a measure of the porosity of swollen absortwnt materials. It is 
anticipated that GBD value has a relationship with the SFC value described hereinafter. 

The GBD value of the absorbem materials of the present invention is below about 
0.95 g/cm3. preferably below about 0.9 g/cm^. and most preferably below about 0.85 g/cm3. 
Typically, these GBD values are in the range of from about 0.5 to about 0.9 gfctr?, more 
typically from about 0.7 to about 0.85 g/cm^. 

In another aspect of the present invention, the absorbent material used in the 
absorbent member has such an improved property that when the absoibcnt material swells by 
absorbing a urine and is formed into a predetermined fciyer of the swollen absorbent material, 
the layer of the swollen absorbent material has a Saline Flow Conductivity (SFC) value of at 
least 20 x lO-'^cm^sec/g in the SFC test. 

SFC is another importam physical property after swelling of the absorbem materials 
of the present invention. This is to show their liquid permeability or flow conductivity when 
swollen with body nuids so as to form a hydrogel zone or layer. SFC measures the ability of 
a swollen absorbent material to transport saline fluids therethrough. In other words, it shows 
tiie ability of a gel layer formed from the swollen absorbent material to transport liquids. 

The SFC value of the absorbent materials after swelling of the present invention is 
at least about 20 x lO'^ cm3sec/g. preferably at least about 40 x lO'^ cm3sec/g. and most 
preferably at least about 100 x lO^^ cm3sec/g. Typically, these SFC values are in tiie range 
of from about 40 to about 300 x lO"? cnfisedg, more typically from about 60 to about 150 x 
10"' cm^sec/g. 

It is believed that when an absorbem material is presem at a high concentration in 
an absort^m member and then swells to form a hydrogel under usage pressures, the 
boundaries of tiie hydrogel come into contact, and interstitial voids in this high- 
concentration region become generally bounded by hydrogel. When this occurs, it is 
believed the porosity and/or the permeability or flow conductivity properties of thts region 
are generally reflective of the porosity and/or Uie permeabiUty or flow conductivity properties 
of a hydrogel zone or layer formed from the swollen absorbent material alone. It is further 
believed titat increasing the porosity and/or tiie permeability of these swollen high- 
concentration regions to levels that approach or even exceed convenuonal 
acquisition/distribution materials, such as wood-pulp fluff, can provide supenor fluid 
; handling properties for the absorbem member and absorbem core, tiius decreasing incidenU 
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of leakage, especially at high fluid loadings. (Higher SFC values also are reflective of the 
ability of the formed hydrogel to acquire body fluids under normal usage conditions.) 

In yet another aspect of the present invenUon. an absorbent material has such an 
improved absorbent property that when the absorbent material swells by absorbing a urine 
5 and is formed into a predetermined layer of the swollen absorbent material, the layer of the 
swollen absorbent material has a Ball Burst Strength (BBS) value of at least 30 gf in the BBS 
test 

BBS is another important physical property after swelling of the absoibent materials 
of the present invention. This is to show their bursting peak load when swollen with body 
,0 fluids so as to fonn a hydrogel zone or layer. BBS measures the force (or peak load) 
required to produce rupture of a gel layer formed from the swollen absorbent material. 

BBS values of the absorbent materials after swelling of the present invenUon is at 
least about 30 gf in the BBS tesu preferably at least about 50 gf. and most preferably at least 
about 100 gf. Typically, these BBS values are in the range of from about 50 to about 400 gt 
IS more typically from about 100 to about 300 gf. 

It is believed that when a conventional absoibent polymer is present at high 
concentiaUons in an absorbent member and then swells to form a hydrogel. the hydrogel is 
pushed by the usage pressures applied thereto and may move towards a edge portion of the 
absoibent member or core, and the absorbent article. When this occurs, a leakage of the 
20 hydrogel may be caused from the edge portion of the absorbent article, thus, a "gelK>n-shin- 
problem is caused by using a conventional absoibent polymer. Since the absoibent materials 
of the present invention have improved wet integrity, in other words, bondings among the 
swollen absorbent particles of the absoibent material are more strength, and the individual 
swollen gel particles are not mobile, the leakage of swollen absorbent materials firom 
2S absoibent articles can be prevented. 

In still another aspect of tiie present invention, an absoibent material has such an 
improved absoibent property that when the absoibent material swells by absorbing a urine 
and is fonned into a predetermined layer of ttie swollen absorbent material, tiie layer of the 
swollen absoibent material has a Compression Recovery (CR) value of at least 15% in the 
30 CRtesL 

CR is another important physical property after swelling of the absorbent materials 
of the present invention. This is to show tiieir compression recoveiy when swollen witii body 
fluids so as to form a hydrogel zone or layer. CR measures tiie abiUty of the extent that an 
absoibent material at wet state has returned to its original shape/state when subjected to 
35 external forces. 
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CR values of the absorbent materials after swelling of the present invention is 
preferably at least about 20%. and most preferably at least about 30%. Typically, these CR 
values are in the range of from about 20 to about 80%, more typically from about 30 to about 
70%. 

It is believed that when a conventional absorbent polymer is present at a high 
concenuation in an absoibent member and then swells to form a hydrogel. the hydrogel 
locdcs artd feels jelly and mushy. In parUcular, when a user and/or consumer touches the 
absorbent arUcle from the outside, the absoibent article gives such undesirable feeling to the 
user and/or consumer. Since the absorbent materials of the present invention have such 
improved CR values, the undesirable feeling (i.e., jelly/mushy feel) to the user and/or 
consumer can be prevented. 

In a preferred embodiment, an absorbent material of the present invention can be 
formed in a porous structure. As used herein, the terms "porous stnicmre" mean a structure 
forming walls surrounding and defining cellular voids of absorbent polymers when 
substantially dry. In general a porous structure of absorbent material can provide the porous 
absoibent material with low density and/or high specific surface area. Under microscopic 
observations, walls formed in a porous absoibent material, for example, show the sponge-like 
appearance and/or the wthered leaf-like appearance. Preferred examples of porous 
structures of absoibent materials and processes therefor disclosed in the co-pending U.S. 
applicaUon serial No. 197.913, cnUUed "Absoibent Materials Having Modified Surface 
Characteristics And Methods For Making The Same". Attorney Docket No. JA-80U. filed 
February 17, 1994, incoiporated herein by reference. 
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C. Composition Materials Used in Absorbent Materials 
1. Absorbent Property Modification Polymers 

Absoibent property modification polymers used in the present invention are reactive 
with at least one component included in a urine. 

The term "reactive" used herein means that a substance (i.e., compound or ion) has 
an ability of interacting with anoOier substances to cause changes in chemical and/or 
physical properties. Therefore, absorbent property modification polymers used in the present 
invenUon have an ability of interacting with at least one component included in a urine. In a 
preferred embodiment, the absoibent property modification polymer has an ability of 
interacUng vwth a phosphate ion of urine through electrostaUc interaction. 

A pracUcal method for determining whether an absoibent property modification 
polymer is reacUve with at least one component included in a urine or not is mixing an 
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aqueous solution of the absorbent property modification polymer with a urine. If the 
resultant mixture solution becomes cloudy, the absorbent property modification polymer can 
be determined as reactive with at least one component included in the urine. 

The term "urine" used herein should be understood in general. A typical example 
of content of "normal urine" is disclosed in the book entiUed "Textbook of Medical 
Physiology" by Arthur C. Guyton (W,B. Saunders Company, 1991, page 304), which is 
incorporated herein by reference. It should be noted that Jayco Synthetis Urine is used for all 
measurements described hereinafter. In general, a urine contains an anion having at least 
two ionic charge numbers, such as a phosphate ion, a sulfate ion, and caibonate ion. 

In preferred an embodiment, the absorbent property modification polymer can 
render the absorbent gelling particles spontaneously connective through the absorbent 
property modification polymer in response to an application of a urine. 

The term "connective" used herein means that a plurality of materials has an ability 
of connecting with each other. Therefore, the absorbent gelling particles of the absorbent 
material can have an ability of connecting with each other after urine is applied to the 
absorbent material. 

In a more preferred embodiment, the absorbent property modification polymer is a 
cationic polymer which can be reactive with at least one component iiicluded in a urine. 
Preferably, the cationic polymer is capable of having an electrostatic interaction with an 
acidic group such as a carboxyl group of absorbent polymer. Therefore, in a further 
preferred embodiment, the cationic polymer is capable of bonding to both the anion included 
in a urine and the absorbent polymer. 

Preferred cationic polymers can include polyamine or polyimine materials which 
are reactive with at least one component included in a urine. The polyamine material 
preferably used in the present invention is selected from the group consisting of (1) polymers 
having primary amine groups (e.g., polyvinylamine, polyallyl amine); (2) polymers having 
secondary amine groups (e.g., polyethyleneimine); and (3) polymers having tertiary amine 
groups (e.g., poly N, N-dimethylalkyl amine). 

PracUcal examples of the cationic polymer are, for example, polyethyleneimine, a 
modified polyethyleneimine which is crosslinked by epihalohydrine in a range soluble in 
water, polyamine, a modified polyamidoamine by graft of ethyleneimine, polyetheramine, 
polyvinylamine, polyalkylamine, polyamidopolyamine, and polyallylamine. 

In preferred embodiments, a cationic polymer has at least 500 of the molecular 
weight in average, more preferably 5,000, most preferably 10,000 or more. CaUonic 
35 polymers having 500 or more of the weight-average molecular weight used in the present 
invention are not limited to polymers showing a single maximum value (a peak) in a 
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molecular weight analysis by gel permeation chromatography, and polymers having a 
weight-average molecular weight of 500 or more may be used even if it exhibits a plural 
maximum value (peaks). 

A preferable amount of the caiionic polymer is in a range of from about 0.05 to 20 
5 parts by weight against 100 parts by weight of the absorbent polymer parUde, more 
preferably from about 0.3 to 10 parts by weight, and most preferably from about 0.5 to 5 
parts by weight. 

2. Absorbent Gelling Particles 
,0 (1) Chemical Composition 

The water-insoluWc, water-swellable absoibent polymers uscfiil in the present 
invenUon are commonly referred to as "hydrogel-forming". "hydrocoUoids", or 
-superabsoibent" polymers and can include polysaccharides such as carboxymethyl starch, 
caiboxymethyl cellulose, and hydroxypropyl cellulose; nonionic types such as polyvinyl 
15 alcohol, and polyvinyl ethers; cationic types such as polyvinyl pyridine, polyvinyl 
morpholinione, and N.N-dimethylaminoethyl or N.N-diethylaminopropyl aciylates and 
methaciylates. and the respective quaternary salts thereof. Typically, hydrogel-fonning 
absoibent polymers usefiil in the present invention have a multipUclty of anionic, fiinctional 
groups, such as sulfonic acid, and more typically caiboxy, groups. Examples of polymers 
20 suitable for use herein include those which are prepared from polymerizable. unsaturated, 
add-containing monomers. Thus, such monomers include the olefinically unsamrated acids 
and anhydrides that contain at least one carbon to caibon olefinic double bond. More 
specifically, these monomers can be selected from olefinically unsamrated carboxylic acids 
and add anhydrides, olefinically unsaturated sulfonic acids, and mixmres thereof. 
25 Some non-acid monomers can also be induded, usually in minor amounts, in 

preparing the hydrogd-forming absorbent polymers herein. Such non-add monomers can 
indude. for example, the water-soluble or water-dispersible esters of the add-containing 
monomere. as well as monomere that contain no carboxylic or sulfonic add groups at all. 
OpUonal non-add monomers can thus indude monomers containing the following types of 
30 functional groups: carboxylic add or sulfonic add esters, hydroxyl groups, amide-groups, 
amino groups, nitrite groups, quaternary ammonium salt groups, aryl groups (e.g.. phenyl 
groups, such as those derived from styrcne monomer). These non-acid monomers are wdl- 
known materials and are described in greater detail, for example, in U.S. Patent 4,076.663 
(Masuda et al), issued Febniary 28. 1978, and in U.S. Patent 4,062,817 (Westerman), issued 
35 December 13, 1977, both of which are incorporated by reference. 
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Olefmically unsnturated carbo\7lic acid and caiboxylic acid anhydride monomers 
include the acrylic acids typified by acrv-lic acid itself, methacrylic acid, elhacrylic acid, - 
chloroacrylic acid, a-c>'anoacrylic acid, -methylaciylic acid (crolonic acid)» -phenylacrylic 
acid, -acryloxypropionic acid, sorbic acid, -chlorosorbic acid, angelic acid, cinnamic acid, p- 
5 chlorocinnamic acid, -sterylacrylic acid, itaconic acid, citroconic acid, mesaconic acid, 
glutaconic acid, aconitic acid, maleic acid, iumaric acid, tricarboxyethylene and maleic acid 
anhydride. 

Olefmically unsaturated sulfonic acid monomers include aliphatic or aromatic vinyl 
sulfonic acids such as vtnylsulfonic acid, allyl sulfonic acid, vinyl toluene sulfonic acid and 

10 styrene sulfonic acid; acrylic and meihaciylic sulfonic acid such as sulfoethyl acrylate, 
sulfoethyl methacrylate, sulfopropyl acrylate, sulfopropyl methaciylate, 2-hydroxy-3- 
methacryloxypropyl sulfonic acid and 2 -aco'lamide-2-methylpropane sulfonic acid. 

Preferred hydrogel -forming absorbent polyiners for use in the present invention 
contain carboxy groups. These polymers include hydrolyzed starch-aciylonitrile graft 

15 copolymers, panially neutralized hydrolyzed starch-aciylonitrile graft copolymers, starch- 
aciylic acid graft copolymers, partially neutralized starch-acxylic acid graft copolymers, 
saponified vinyl acetate*aciylic ester copolymers, hydrolyzed acrylonitrile or aciylamide 
copolymers, slightly network crosslinked polymers of any of the foregoing copolymers, 
partially neutralized polyaciylic acid, and slightly network crosslinked polymers of partially 

20 neutralized polyacrylic acid. These polymers can be used either solely or in the form of a 
mixture of two or more different polymers. Examples of these polymer materials are 
disclosed in U.S. Patent 3,661,875, U.S. Patent 4,076.663, U.S. Patent 4,093,776, U.S. 
Patent 4,666,983, and U.S. Patent 4,734,478. 

Most preferred polymer materials for use in making the hydrogel-forming absorbent 

25 polymers are slightly network crosslinked polymers of partially neutralized polyaciylic acids 
and starch derivatives thereof. Most preferably, the hydrogel-forming absorbent polymers 
comprise from about 50 to about 95%, preferably about 75%, neutralized, slightly network 
crosslinked, polyacrylic acid (i.e., poly (sodium acrylate/acrylic acid) ). Network 
crosslinking renders the polymer substantially water-insoluble and, in part, determines the 

30 absorptive capacity and exiractable polymer content characteristics of the hydrogel-forming 
absorbent polymers. Processes for network crosslinking these polymers and typical network 
crosslinking agents are described in greater detail in U.S. Patent 4,076,663. 

Further, surface crosslinked hydrogel-forming absorbent polymers can be 
preferably used in the present invention. They have a higher level of crosslinking in the 

35 vicinity of the surface than in the interior. As used herein, "surfece" describes the outer- 
facing l>oundaries of the particle, fiber, etc. For porous hydrogel-forming absorbent 
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polymers (e.g., porous particles, etc.). exposed internal boundaries can also be included. By 
a higher level of crossliiikingat the surface, it is meant that the level of functional crosslinks 
for the hydrogel-forming absorbent polymer in the vicinity of the surface is generally higher 
than the level of functional crosslinks for the polymer in the interior. 

5 The gradation in crosslinking from surface to interior can vary, both in depth and 

profile. Thus, for e.\ample, the depth of surface crosslinking can be shallow, with a 
relatively sharp transition to a lower level of crosslinking. AltemaUvely, for example, the 
depth of surface crosslinking can be a significant fraction of the dimensions of the hydrogel- 
forming absorbent polymer, with a broader transition; 

,0 Depending on size, shape, porosity as well as fimcUcnal considerations, the degree 

and gradient of surface crosslinking can vary within a given hydrogel-forming absorbent 
polymer. For particulate hydrogel-forming absorbent polymers, surface crosslinking can 
vary with particle size, porosity, etc. Depending on variations in surfacervolume ratio within 
the hydrpgel-fonning absorbent polymer (e.g., between small and large particles), it is not 

,5 unusual for the overall level of crosslinking to vary within the material (e.g., be greater for 
smaller particles). 

Surface crosslinking is generally accomplished after the fm^ boundaries of the 
hydrogel-forming absorbent polymer are essentially established (e.g.. by grinding, extruding, 
foaming, etc.) However, it is also possible to effect surface crosslinking concurrent with the 
20 crcaUon of final boundaries. Furthermore, some additional changes in boundaries can occur 
even after surfoce crosslinks are introduced. 

A number of processes for introducing surface crosslinks are disclosed in the art. 
These include those where: (i) a di- or poly-functional reagem(s) (e.g., glycerol, 1,3- 
dioxolan-2-onc, polyvalent metal ions, polyquatemaiy amines) capable of reacting with 
2S existing fiinctional groups vvithin the hydrogel-forming absoiDent polymer is applied to the 
surface of the hydrogel-forming absorbent polymer; (ii) a di- or poly-fiinctioial reagent that 
is capable of reacUng with other added reagents and possibly existing fiinctional groups 
within the hydrogel-forming absorbent polymer such as to increase the level of crossliidcing 
at the surface is applied to the surfiace (e.g., the addition of monomer plus crosslinker and the 
30 initiation of a second polymerization reaction); (iii) no additional polyfimctional reagents are 
added, but additional reaction(s) is induced amongst exisung components within the 
hydrogel-forming absorbent polymer either during or after the primary polymerization 
process such as to generate a higher level of crosslinking at or near the surface (e.g., heating 
to induce the formation of anhydride and or esters crosslinks between exisUng polymer 
3S carboxylic acid and/or hydroxyl groups and suspension polymerization processes wherein the 
crosslinker is inherently present at higher levels near the surface); and (iv) other materials 
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are added to the surface such as to induce a higher level of crosslinking or otherwise reduce 
the surface deformability of the resultant hydrogel. Combinations of these surface 
crosslinking processes either concurrently or in sequence can also be employed. In addition 
to crosslinking reagents, other components can be added to the surface to aid/control the 
distribution of crosslinking (e.g.. Uic spreading and penetration of the surfiaoe crosslinking 
reagents.) 

Suitable general methods for carrying out surfecc crosslinking of hydrogel-forming 
absorbem polymers according to the present invention are disclosed in U.S. Patent 4,541,871 
(Obayashi). issued September 17. 1985; published PCT appUcaUon W092/16565 (Stanley), 
published October 1, 1992. published PCT application WO90/08789 (Tai). published August 
9, 1990; published PCT application WO93/05080 (Stanley), published March 18, 1993; U.S. 
Patent 4,824.901 (Alexander), issued April 25, 1989; U.S. Patem 4,789,861 (Johnson), 
issued January 17, 1989; U.S. Patem 4,587,308 (Makita). issued May 6. 1986; U.S. Patent 
4,734.478 asubakimoto), issued March 29. 1988; U.S. Patem 5.164.459 (Kimura cL al.). 
issued November 17, 1992; published German paiem application 4.020.780 (Dahmen), 
published August 29, 1991; and published European patent application 509,708 (Gartner), 
published October 21. 1992; all of which are incorporated by reference. 

While the hydrogel-forming absorbem polymer is preferably, of one type (i.e., 
homogeneous), mixtures of polymers can also be used in the present invention. For example, 
mixtures of starch-acrylic acid graft copolymers and slightly network crosslinked polymers 
of partially neutralized polyactylic acid can be used in the presem invention. 



(2) Physical Forms 

The absorbent gelling particles used in the presem invention can have a size, shape 
and/or morphology vaiying over a wide range. The absorbent gelling particles do not have a 
large ratio of greatest dimension to smallest dimension (e.g.. granules, flakes, pulvenilents. 
interpartide aggregates, interparticle crosslinked aggregates, and the like) and can be in the 
form of fibers, foams, and the like. The hydrogel-forming absorbem polymers can also 
comprise mixtures with low levels of one or more additives, such as for example powdered 
silica, surfactants, glue, binders, and the like. The components in this mixture can be 
physically and/or chemically associated in a form such tiiat die hydrogel-forming polymer 
componem and the non-hydrogel-fonning polymer additive are not readily physically 
separable. 

The hydrogel-fonning absorbent polymers can be essentially non-porous or have 
35 substantial internal porosity. 
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For particles as described above, particle size is defined as the dimension 
determined by sieve size analysis. Thus, for example, a particle that is retained on a U.S.A. 
Standard TesUng Sieve with 710 micron openings (e.g.. No. 25 U.S. Series Alternate Sieve 
Designation) is considered to have a size greater than 710 microns; a particle that passes 
through a sieve with 710 micron openings and is retained on a sieve with 500 micron 
openings (e.g.. No. 35 U.S, Series Alternate Sieve Designation) is considered to have a 
particle size between 500 and 710 microns; and a particle that passes through a sieve with 
500 micron openings is considered to have a size less than 500 microns. The mass median 
particle size of a given sample of hydrogel-forming absorbent polymer particles is defined as 
the particle size that divides the sainple in half on a mass basis, i.e., one-half of the sample 
by weight will have a particle size less than the mass median size and one-half of the sample 
will have a parude size greater than the mass median size, A standard particle-size plotting 
method (wherein the cumulaUve weight percent of the particle sample retained on or passed 
through a given sieve size opening is plotted versus sieve size opening on probability paper) 
is typically used to determine mass median particle size when the 50% mass value does not 
correspond to the size opening of a U.S.A. Standard Testing Sieve. These methods for 
determining particle sizes of the hydrogel-forming absorbent polymer particles are further 
described in U.S. Patent 5,061,259 (Goldman et. al), issued October 29, 1991, which is 
incorporated by reference. 

For particles of hydrogel-forming absorbent polymers useful in the present 
invention, the particles will generally range in size from about 1 to about 2000 microns, 
more preferably from about 20 to about 1000 microns. The mass median particle size will 
generally be from about 20 to about 1500 microns, more preferably from about 50 microns to 
about 1000 microns, and even more preferably from about 100 to about 800 microns. 

Within these size ranges, it can be preferable to choose either larger or smaller 
particles depending on the need for faster or slower absorption kinetics. For example, for 
non-porous particles, the swelling rate will generally decrease with increasing particle size. 
It can also be preferable to choose cither larger or smaller particles or narrower size cuts 
(fractions) of larger or smaller particles from the bulk polymer in order to increase the gel 
layer permeability (i.e., increase the Saline Flow Conductivity (SFC) value). For particles of 
some hydrogel-forming absoibent, polymers, it has been found that narrower size range cuts 
containing generally larger particle sizes within the above specified size ranges have higher 
SFC values without any significant degradation in other hydrogel-forming absorbent 
polymer properties such as Performance Under Pressure (PUP) capacity and level of 
extractable polymer. Thus, for example, it can be useful to use a size cut having a mass 
median size in the range of from about 500 to about 710 microns wherein only minimal mass 
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fractions of the particulates have sizes either greater than about 710 microns or less than 
about 500 microns. Alternatively, a broader size cut wherein the particles generally have a 
size in the range of from about 150 microns to about 800 microns can be useful. 



5 

D. Process for Making Absoibent Materials 

As previously described^ the mixtures of absoibent materials of the present 
invention can be made by (i) applying a solution containing an organic solvent, water and 
the absoibent property modification polymer onto the plurality of absoibent gelling particles, 
10 wherein the weight ratio of the organic solvent to the water is at least 50:50, and (ii) 
removing a portion of the organic solvent and water from the applied absorbent gelling 
particles. More preferably, the weight ratio of the organic solvent to the water is from about 
70:30 to about 98:2. 

As used herein, the term "apply onto" means that the absorbent property 

15 modification polymer will be on at least a portion of the surface area of the absoibent gelling 
particles. Preferably, the absorbent property modification polymer is applied onto all of the 
surface of the absorbent gelling particles. 

In a case where the absorbent property modification polymer is in the form of a 
small particle or powder, the absorbent property modification polymer can be applied by any 

20 of various techniques and apparatus used for applying a material to another material. In 
another case where the absoibent property modification polymer is in the form of a liquid, 
the absorbent property modification polymer can be applied by any of various techniques and 
apparatus used for applying a liquid to a material. As a result, absorbent materials of the 
present invention can be obtained in the forms of the above described mixtures. 

25 In a preferred embodiment, an absorbent property modification polymer (e.g., a 

cationic polymer or a polyamine or polyimine material) which is reactive with at least one 
component included in a urine is dissolved into a solvent to make a solution. The absoibent 
property modification polymer can be dissolved in the solvent by any of various techniques 
and apparatus used for dissolving a material to a solvent known in the art In more preferred 

30 embodiments, an organic solvent is used as the solvent. Preferably, the concentration of the 
absorbent property modification polymer in the solution by weight is from about 0,05% to 
60%, more preferably, from 0.5% to 30%. 

In preferred embodiments, an absorbent property modification polymer which is 
insoluble in an organic solvent can be used. In more preferred embodiments, a polar organic 

35 solvent is used as the solvent. In such embodiments, a mixture solvent of a hydrophilic 
organic solvent and water is used as the solvent for the absoibent property modification 
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polymer. Non-limiting examples of the preferred organic solvent includes: the low 
molecular weight alcohols such as methanol, ethanol. or propanol; acetone; 
dimeihylformamide(DMF); dimethylsulfoxide(DMSO); hexylmethylphosphoric 

triamide(HMPT); and mixtures thereof. In alternative preferred embodiments, non-polar 
J solvents such as hexane. toluene, xylene, and benzene can be used as one of the organic 
solvent. 

After preparing the solution, the solution is applied onto the absoibent gelling 
particles thereby making a intermittent mixture. More specifically, an amount of the 
solution is applied onto the absorbent gelling particles. The soluUon can be applied by any 
10 of various techniques and apparatus used for applying a soluUon to a material including 
coating, dumping, pouring, dropping, spraying, atomizing, condensing, or immersing the 
liquid mixture onto the absorbent gelling parlides. Thus, in the intermittent mixture the 
solution will be on at least a portion of the surface area of the absorijent gelling particles. 
Preferably, the solution will be on all of the surface of the absorbent gelling particles. 
,5 The amount of the absorbent property modification polymer which is sufficient to 

effect an enhancement of the physical properties of 0»e absorbent material can vary on a 
number of factors such as tiie chemical composition of the absorbent polymer and the 
physical forms of Uie absoibent gelling particles, e.g., particle size of the absorbent particles, 
and tiie chemical composition and molecular weight of the absorbent property modification 
20 polymer, as well as on the applying method thereof. 

In preferred embodiments, tiie weight ratio of the absorbent property modification 
polymer to ti>e absoibent gelling particles is from about 0.05:100 to about 20:100, more 
preferably from about 0.5: 100 to about 5: 100. 

After making the iniermittem mixture, at least a portion of tiie solvent is removed 
2S fiom the intermittent mixture. Preferably, at least about 80%, more preferably more than 
95%, most preferably about 100% of the solvent is removed from the intermittent mixture. 
The removal of Uie solvent can be made by any of various techniques and apparatus used for 
separating or removing liquids from liquid-solid mixtures, including evaporation, filtration, 
washing, or a combination thereof! 
30 In a preferred embodiment, the physical property modification polymer is applied 

onto the absorbem gelling particles after the treatment of the surface crosslinking of Oie 
absoibent gelling particles. On Uie other hand, in another embodiment the physical property 
modification polymer is applied onto tiie absorbent gelling particles before the ueatment of 
the surface crosslinking of the absorbent gelling particles. In addition, in a further 
35 embodimem the application of the physical property modification polymer and the ueatment 
of the cross linking can be carried out at the same time. It should be noted that in some 
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embodiments the physical property' modification polymer can be used as a cross linking 
agent. 

In preferred embodiments, the resultant absorbent materials can have a number of 
shapes and sizes. For example, the absorbent materials can be typically in the form of 
5 particles, sheets, films, cylinders, blocks, fibers, filaments, or other shaped elements. More 
preferably, the absorbent material is particulate. 



E. Absorbent Articles Using The Absorbent Materials 

10 The absorbent materials according to the present invention can be used for many 

purposes in many fields of use. For example, the absorbent materials can be used for 
packing containers; drug delivery devices; wound cleaning devices; bum treatment devices; 
ion exchange column materials; construction materials; agricultural or horticultural 
materials such as seed sheets or water-retentive materials; and industrial uses such as sludge 

15 or oil dewatering agents, materials for the prevention of dew formation, desiccants, and 
humidity control materials. 

Because of the unique absorbent properties of the absorbent materials of the present 
invention, they arc especially suitable for use as absorbent cores in absorbent articles, 
especially disposable absorbent articles. As used herein, the term "absorbent article" refers 

20 to articles which absorb and contain body fluids and more specifically refers to articles which 
are placed against or in proximity to the body of the wearer to absorb and contain the various 
fluids discharged from the body. Additionally, "disposable" absorbent articles are those 
which are intended to be discarded after a single use (i.e., the original absorbent article in its 
whole is not intended to be laundered or otherwise restored or reused as an absorbent article, 

25 although certain materials or all of the absorbent article can be recycled, reused, or 
composted). 

In general, an absorbent article comprises: (a) a liquid pervious topsheet which is 
located adjacent to the wearer's body; (b) a liquid impervious backsheet which is located 
distant from the wearer's body and adjacent to the wearer's clothing; and (c) an absorbent 

30 core positioned between the topsheet and the backsheet. The absorbent core comprises at 
least one of the above described absorbent materials. In a preferred embodiment, the 
absorbent core is one of the above described absorbent members. Preferably, the absorbent 
core further comprises a substrate web wherein the absorbent material is attached to the 
substrate web. Alternatively, tlie absorbent core further comprises an envelope web encasing 

35 the absorbent material. In a further alternative embodiment, the absorbent core further 
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comprises two layered tissues wherein the absorbent material is distributed between the two 
layered tissues. 

In more preferred embodiments, the absorbent material in the absorbent core has a 
basis weight of from about 60 g/m^ to about 1500 g/m^, more preferably from about 100 
g/m2 to about 1000 g/m^, most preferably from about 150 g/m^ to about 500 g/m^ of the 
absorbent material. 

In some preferred embodiments, the absorbent core or absoibent member can 
further comprise fibers or fluff pulp (fibrous or fiber material), more specifically, non- 
absorbent-gelling fibers. Such fiber material can be used as reinforcing members in the 
absorbent core, improving fluid handling of the core, as well as a co-absorbent with the 
absorbent polymers. Preferably, the absorbent core or member includes from about 40% to 
about 100% by weight of the absorbent material and from about 60% to about 0% by weight 
of such non-absorbent-gelling fiber material distributed within the absorbent material. 

In a preferred embodiment, the absorbent material is in a concentration of at least 
40%. more preferably from about 60 to 100% by weight in at least one region of the core or 
absorbent member. In a more preferred embodiment, the absorbent member comprises 
fibrous matrix wherein the absorbent material is distributed in the fibrous matrix. 

Any type of fiber material which is suitable for use in conventional absort)ent 
products can be used in the absorbent core or absorbent member herein. Specific examples 
of such fiber material include cellulose fibers, improved cellulose fibers, rayon, 
polypropylene, and polyester fibers such as polyethylene terephthalate (DACRON), 
hydrophilic nylon (HYDROFIL), and the like. Examples of other fiber materials for use in 
the present invention in addition to some already discussed are hydrophilized hydrophobic 
fibers, such as surfactant-treated or silica-ueated thermoplasUc fibers derived, for example, 
from polyolefins such as polyethylene or polypropylene, polyacrylics, polyamides, 
polystyrenes, polyurethanes and the like. In fact, hydrophilized hydrophobic fibers which 
are in and of themselves not very absorbent and which, therefore, do not provide webs of 
sufficient absorbent capacity to be useful in conventional absoibent structures, are suitable 
for use in the absorbent core by virtue of their good wicking properties. This is because, in 
the absorbent core herein, the wicking propensity of the fibers is as important, if not more 
important, tlian die absorbent capacity of the fiber material itself due to the high rate of fluid 
uptake and lack of gel blocking properties of the absorbent core. Synthetic fibers are 
generally preferred for use herein as the fiber component of the absoibent core. Most 
preferred are polyolefin fibers, preferably polyethylene fibers. 

Other cellulosic fiber materials which can be useful in certain absorbent cores or 
absorbent members herein are chemically stiffened cellulosic fibers. Preferred chemically 
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sliffened cellulosic fibers are the stiffened, twisted, curled cellulosic fibers which can be 
produced by internally crosslinking cellulose fibers with a crosslinking agent. Suitable 
stiffened, twisted, curled cellulose fibers useful as the hydrophilic fiber material herein are 
described in greater detail in U.S. Patent 4,888,093 (Dean et al), issued December 19, 1989; 
5 U.S. Patent 4,889,595 (Herron et al), issued December 26, 1989; U.S. Patent 4,889,596 
(Schoggen et al), issued December 26, 1989; U.S. Patent 4,889,597 (Bourbon et al), issued 
December 26, 1989; and U.S. Patent 4,898,647 (Moore et al), issued Fcbruaiy 6, 1990, all of 
which are incorporated by reference. 

A preferred embodiment of the disposable absorbent article is a diaper. As used 
10 herein, the term "diaper" refers to a garment generally worn by infants and incontinent 
persons that is worn about the lower torso of the wearer. A preferred diaper configuration 
for a diaper comprising an absorbent core is described generally in U.S. Patent 3,860,003 
(Buell), issued January 14, 1975, which is incorporated by reference. Alternatively preferred 
configurations for disposable diapers herein are also disclosed in U.S. Patent 4,808,178 
15 (Aziz et al), issued February 28, 1989; U.S. Patent 4,695,278 (Lawspn), issued September 
22. 1987; U.S. Patent 4,816,025 (Foreman), issued March 28. 1989; and U.S. Patent 
5,151,092 (Buell et al.), issued September 29, 1992, all of which are incorporated by 
reference. 

Another preferred embodiment of the disposable absorbent article is a catamenial 
20 product. Preferred catamenial products comprise a formed-film, apertured topsheet as 
disclosed in U.S. Patent 4.285,343 (McNair), issued August 25, 1981; U.S. Patent 4,608,047 
(Mattingly), issued August 26, 1986; and U.S. Patent 4,687,478 (Van Tilburg), issued 
August 18, 1987, all of which are incorporated by reference. 

Preferred catamenial products can comprise wiiigs, side ilaps, and other structures 
25 and elements, as described in co-pending, commonly-assigned U.S. application serial No. 
984,071, to Yasuko Morita, entitled "Absorbent Article Having Elastictzed Side Flaps", 
Attorney Docket No. JA-09RM, filed November 30, 1992, incorporated herein by reference. 

It should be understood, however, that the present invention is also applicable to 
other absorbent articles known commercially by other names, such as incontinent briefs, 
30 adult incontinent products, training pants, diaper inserts, facial tissues, paper towels, and the 
like. 

F. Test Methods 
Synthetic Urine 

35 The specific synthetic urine used in the test methods of the present invention is 

referred to herein as "Synthetic Urine", The Synthetic Urine is commonly known as Jayco 
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SynUrine or Jayco Synihetis Urine and is available from Jayco Phamaceuticals Company of 
Camp Hill, Pennsylvania. The formula for the Synthetic Urine is: 2.0 gfl of KCl; 2.0 g/1 of 
Na2S04; 0.85 g/1 of (NH4)H2P04; 0.15 (NH4)2HP04; 0.19 gfl of CaC12 and 0.23 of 
MgC12. All of the chemicals are of reagent grade. The pH of the SynlheUc Urine is in the 
5 range of6.0 ID 6.4. 

1. Gel Bulk Density (GBD) Test 

This test determines the gel bulk density (GBD) of an absorbent material that is 
swollen in Jayco synthetic urine. The GBD is the weight per unit volume of a swollen 
)o absorbent material, including voids inherent in the swollen gel material as tested. 

The objective of this test is to assess the porosity of an absoibcnt material at wet 
state. GBD of an absorbent material is used as a measure of the gel porosity of an absorbent 
material after swelling in Jayco syntheUc urine. Gel porosity here means the voids fracUon 
in the swollen absorbem material or the fraction volume of the bulk gel layer that is not 
occupied by gel. An absoibent material that has lower GBD is likely to have more voids, in 
other words, to have higher porosity at wet state. 
(1) Apparatus 

A suitable GBD measurement apparatus is shown in Figure 1. This apparatus 
comprises a cylinder 110, a cup-like pistol 140. a weight 130 that fits inside the pistol 140, 
and a flat-bottomed TEFLON tray 120. The cylinder 110 is bored from a transparent 
LEXAN rod (or equivalent, for example AciyUc rod) and has an inner diameter of 6.00 cm 
(area = 28.27 cm^). with a wall thickness of approximately 0.5 cm, and a height of 
approximately 5.0 cm. The bonom of the cylinder is faced with a No. 400 mesh stainless- 
steel screen 150 that is bia.xially stretched to tautness prior to attachment. The piston 140 is 
in the form of a TEFLON cup and is machined to fit into the cylinder 110 within tight 
tolerances. Stainless weight 130 is machined to fit within the pistol 140. The combined 
weight of piston 140 and weight 130 is 199 g. which corresponds to a pressure of O.lpsi for 

an area of 28.27 cm^. 

The thickness of Uie gel layer 160 in cylinder 110 is measured to an accuracy of 
about 0.05 mm. Any method having the requisite accuracy can be used, as long as the 
weights art! not removed and the gel layer is not additionally disturbed during the thickness 
measurement. Using a caliper gauge (e.g.. Digimatic Caliper, Mitutoya Corp., Kyoto, or 
equivalent) to measure die gap bet^veen the top of the TEFLON pistol 140 and the top of the 
cylinder 1 10, relative to this gap wlh no absoibent material in the cylinder is acceptable. 

The GBD measurement is performed at room temperature. Jayco synthetic urine is 
used in this test. 



20 
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(2) Procedure 

0.9 g aliquol of absorbent maierial is added to the c>'linder 1 10 and dispersed evenly 
on the screen 150. For most absorbent materials, moisture content is typically less than 5%. 
For these, the quantity of absorbent material to be added can be determined on a wet-weight 

5 (as is) basis. For absorbent material having a moisture content greater than about 5%, the 
added absorbent material weight should be corrected for moisture (i.e., the added absorbent 
should be 0.9 gm on a dry-weight basis). Clare is taken to prevent the absorbent material 
from adhering to the cylinder walls. Pistol 140 is inserted into cylinder 110 and positioned 
on top of the absorbent material 160. Weight 130 is then positioned in pistol 140. 

10 The piston/cylinder apparatus with the absorbent material is then transferred to a 

flat-bottomed TEFLON tray 120. 18 Milliliters of Jayco synthetic mine is added to the tray 
120. Time is recorded as soon as Jayco urine is poured in to the tray 120. Jayco synthetic 
urine from the tray passed through the stainless screen 150 and is absorbed by the absorbent 
material 160. As the absorbent material absorbs fluid, a gel layer is formed in the cylinder 

15 110. After a time period of 30 minutes, the thickness of the gel layer is determined. 
Consequently* the predetermined layer of the swollen absorbent material for the GBD 
measurement has been prepared. The gap between the lop of the TEFLON pistol 140 and 
the top of the cylinder 1 10 is measured (Ls). Relative to this gap with no absorbent material 
in the cylinder (Lc) is also measured. This difference between Lc and Ls is the thickness of 

20 the absorbent material gel layer (Lg). The piston/cylinder apparatus with swollen gel is 
weighted (Ws). 

The GBD is calculated according to the equation: 
GBD = (Ws - Wc)/(28.27 x Lg) 

Where GBD is the gel bulk density value (g/cm^). Ws is the total weight of the 
25 piston/cylinder apparatus %vith swollen gel (g). Wc is the weight of pistol/cylinder without 
absorbent material (g), and Lg is the thickness of the swollen gel layer (cm). 

2, Saline Flow Conductivity (SFC) Test 

This test determines the Saline Row Conductivity (SFC) of the gel layer formed 
30 from hydrogel-forming absorbent polymer that is swollen in Jayco synthetic urine under a 
confming pressure. The objective of this test is to assess the ability of the hydrogel layer 
formed from a hydrogel-forming absorbent polymer to acquire and distribute body fluids 
when the polymer is present at high concentrations in an absorbent member and exposed to 
usage mechariical pressures. Darcy's law and steady-state flow methods are used for 
35 determining saline flow conductivity. (See, for example, "Absorbency," ed. by P. K. 
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Chatieijee, Elsevier, 1985, Pages 42-43 and "Chemical Engineering Vol. II, Third EdiUon, 
J. M. Coulson and J. F. Richardson. Pergamon Press, 1978, Pages 125-127.) 

A predetermined layer of swollen absorbent material used for SFC measurements is 
formed by sw^elling an absorbent material in Jayco syniheuc urine for a time period of 60 
minutes: The hydrogel layer is formed and its flow conductivity measured under a 
mechanical confining pressure of 0,3 psi (about 2 kPa). Flow conductivity is measured using 
a 0.1 18 M NaCl solution. For a hydrogel-forming absorbent polymer whose uptake of Jayco 
synthetic urine versus time has substantially leveled ofif, this concentiation of NaCl has been 
found to maintain the thickness of the hydrogel layer substantially constant during the 
► measurement. For some hydrogel-forming absorbent polymers, small changes in hydrogel- 
laver thickness can occur as a result of polymer swelling, polymer deswelling, and/or 
changes in hydrogel-layer porosity. A constant bydrostaUc pressure of 4920 dyne/cm (5 cm 
of 0. 1 18M NaCl) is used for the measurement. 

Flow rate is determined by measuring the quantity of solution flowing through tiie 
s hydrogel layer as a function of time. Flow rate can vary over the duration of tiie 
measurement. Reasons for flow-rate variation include changes in tiie thickness of tiie 
hydrogel layer and changes in tiie viscosity of interstitial fluid, as the fluid initially present 
in interstitial voids (which, for example, can contain dissolved extractable polymer) is 
replaced with NaCl solution. If flow rate is time dependent, then tiie initial flow rate, 
» typically obtained by extrapolating the measured flow rates to zero time, is used to calculate 
flow conductivity. The saline flow conductivity is calculated from Uie initial flow rate, 
dimensions of the hydrogel layer, and hydrostatic pressure. 

A suitable apparatus 610 for tiiis test is shown in Figure 2. This apparatus includes 
a constant hydrostatic head reservoir indicated generally as 6 12 tiiat sits on a laboratory jack 
2S indicated generally as 614. Reservoir 612 has lid 616 witii a stoppered vent indicated by 618 

so tiiat additional fluid can be added to reservoir 612. An open-ended tube 620 is inserted 
flirough lid 616 to allow air to enter reservoir 612 for tiie purpose of delivering fluid at a 
constant hydrostatic pressure. The bottom end of tube 620 is positioned so as to maintain 
fluid in cylinder 634 at a height of 5.0 cm above tiie bottom of hydrogel layer 668 (see Figure 
30 3). 

Reservoir 612 is provided witii a generally L-shaped delivery tube 622 having an 
inlet 622a that is below ttie surface of tiie fluid in tiie reservoir. The deUvery of fluid by tube 
622 is controlled by stopcock 626. Tube 622 delivers fluid from reservoir 612 to a 
piston/cylinder assembly generally indicated as 628. Beneatii assembly 628 is a support 
35 screen (not sho^vn) and a collection reservoir 630 tiiat sits on a laboratory balance 632. 
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Referring to Figure 2. assembly 628 basically consists of a cylinder 634, a piston 
generally indicated as 636 and a cover 637 provided with holes for piston 636 and delivery 
tube 622. AS sho>vn in Figure 7. the outlet 622b of tube 622 is positioned below the bottom 
end of tube 620 and thus will also be below the surface of the fluid (not shown) in ^Imder 
634 As shown in Figure 3. piston 636 consists of a generally cylindrical UEXAN® shaft 
638 having a concentric cylindrical hole 640 boied down the longitudinal axis of the shaft. 
Both ends of shaft 638 are machined to provide ends 642 and 646. A weight indicated as 
648 rests on end 642 and has a O'lindrical hole 648a bored through the center thereof. 

Inserted on the other end 646 is a generally circular Teflon piston head 650 having 
an annular lecess 652 in the bottom thereof Piston head 650 is sized so as to slidably move 
inside cylinder 634. As particularly shown in Figure 4, piston head 650 is provided with 
four concentric rings of twenty-four cylindrical holes each indicated generally as 654. 656. 
658 and 660. As can be seen in Figure 4. concentric rings 654 «, 660 fit within the a«a 
defined by recess 652. The holes in each of these conceptric rings are bored from the top to 
bottom of piston head 650. The holes in each ring are spaced 1^ approximately 15 degrees 
and offset by approximately 7.5 degrees from the holes in adjacem rings. The holes m each 
ring have a progressively smaller diameter going inwardly from ring 654 (0.204 mch 
diameter) to ring 660 (O.IU inch diameter). Piston head 650 also has cylindrical hole 662 
bored in the center thereof to receive end 646 of shaft 638. 

As shown in Figure 3, a fritted circular glass disc 664 fits within recess 652. 
Attached to bottom end of cylinder 634 is a No. 400 mesh stainless steel cloth screen 666 
that is bia.xially stretched to tautness prior to attachment The sample of hydrogel-formmg 
absorijcnt polymer indicated as 668 is supported on screen 666. 

Cylinder 634 is bored from a transparent LEXAN® rod or equivalem and has an 
....... diameter of 6.00 cm (area = 28.27 cm^ a wall thickness of approximately 0.5 cm. and 

a height of approximately 6.0 cm. Piston head 650 is machined from a solid Teflon rod. It 
has a height of 0.625 inches and a diameter that is slightly less than the imier diameter of 
cylinder 634, so that it fits ^vithin the cylinder with minimum wall clearances, but still shdes 
freely Recess 652 is approximately 56 mm in diameter by 4 mm deep. Hole 662 in the 
center of the piston head 650 has a threaded 0.625 inch opening (18 threadsAnch) for end 
646 of shaft 638. Fritted disc 664 is chosen for high permeabUity (e.g., Chemglass Cat No. 
CG-201-40, 60 mm diameter, X-Coarse Porosity) and is ground so that it fits snugly within 
recess 652 of piston head 650, ^vith the bottom of the disc being flush with the bottom of the 
piston head. Shaft 638 is machined from a LEXAN® rod and has an outer diameter of 
0.875 inches and an inner diameter of 0.250 inches. End 646 is approximately 0.5 inches 
long and is threaded to match hole 662 in piston head 650. End 642 is approximately an 
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inch long and 0.623 inches in diameter, forming an annular shoulder to support the stainless 

steel weight 648, Fluid passing through the hole 640 in shaft 638 can directly access the 

fritted disc 664. The annular stainless steel weight 648 has an inner diameter of 0.625 

inches, so that it slips onto end 642 of shaft 638 and rests on the annular shoulder formed 

5 therein. The combined weight of fritted glass disc 664. piston 636 and weight 648 equals 

2 

596 g, which corresponds to a pressure of 0.3 psi for an area of 28.27 cm . Cover 637 is 
machined from LEXAN® or its equivalent and is dimensioned to cover the top of cylinder 
634. It has an 0.877 inch opening in the center thereof for shaft 638 of piston 636 and a 
second opening near the edge thereof for delivery tube 622. 
10 The cylinder 634 resu on a 16 mesh rigid stainless steel support screen (not shown) 

or equivalent. This support screen is sufficienUy permeable so as to not impede fluid flow 
into the collection reservoir 630. The support screen is generally used to support cylinder 
634 when the flow rate of saline solution through assembly 628 is greater than about 0.02 
g/sec. For flow rates less than about 0.02 g/sec. It is preferable that there be a continuous 
IS fluid path between cylinder 634 and the coliection reservoir. 

The 0.118 M NaCl solution is prepared by dissolving 6.896 g NaCl (Baker 
Analyzed Reagent or equivalent) to 1.0 liters with distilled water. 

An analytical balance 632 accurate to 0.01 g (e.g., Mettler PM4000 or equivalent) is 
typically used to measure the quanUty of fluid flowing through the hydrogel layer 668 when 
20 the flow rate is about 0.02 g/sec or greater. The balance is preferably interfaced to a 
computer for monitoring fluid quantity versus time. 

The thickness of hydrogel layer 668 in cylinder 634 is measured to an accuracy of 
about 0.1 mm. Any method having the requiate accuracy can be used, as long as the 
weights are not removed and the hydrogel layer is not addiuonally compressed or distuibed 
2j during the measurement. Using a caliper gauge (e.g., Manostat 15-100-500 or equivalent) to 
measure the vertical distance bet%veen the bottom of the stainless steel weight 648 and the top 
of cover 637 , relative to this distance with no hydrogel layer 668 in cylinder 634 is 
acceptable. 

The SFC measurement is performed at ambient temperature (i.e.. 20*'-25''C) and is 

30 carried out as follows: 

0.9 g aliquot of hydrogel-forming absoibent polymer (corresponding to a basis 
weight of 0.032 g/cm^) is added to cylinder 634 and distributed evenly on screen 666. For 
most hydrogel-forming absoibem polymers, moisture content is typically less than 5%. For 
these, the quantity of hydrogel-forming absoibent polymer to be added can be determined on 

35 a wet-%veight (as is) basis. For hydrogel-forming absorbent polymers having a moismre 
contem greater than about 5%. the added polymer weight should be corrected for moismre 
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(ie the added polymer Should be 0.9 g on a d.y-weight basis). Care is taken to prevem 
hydrogel-forming absorbem poljoner from adhering to the cylinder ..alls. Piston 636 (mmus 
^..cight 648) with disc 664 positioned in recess 652 of piston head 650 is inserted mto 
cylinder 634 and positioned on top of the dry hydrogel-forming absorbent polymer 668. If 
necessa^^^ piston 636 can be turned gently to more-uniformly distribute the hydrogel- 
forming absorbem polyner on screen 666. Cylinder 634 is the covered >vith cover 637 and 
weight 648 is then posiUoned on end 642 of shaft 638. 

A fritted disc (coarse or extra coarse) having a diameter greater than that of cyhnder 
634 is positioned in a wide/shallow Hat-bottomed container that is filled to the top of the 
fritted disc with Jayco synthetic urine. The piston/cylinder assembly 628 is then posiuoned 
on top of this fritted glass disc. Fluid from the container passes through the fritted d.sc and 
is absorbed by the hydrogel-forming absorbem polymer 668. As ti.e polymer absort,s fluid, a 
hydrogel layer is formed in cylinder 634. After a time period of 60 minutes, the thickness of 
the hydrogel layer is determined. Care is taken that the hydrogel layer does not lose flmd or 



10 



15 take in air during this procedure. 

The piston/cylinder assembly 628 is then transferred to apparatus 610. The support 
screen (not shown) and any gap between it and the piston/cylinder assembly 628 is 
presamrated with saline solution. If the fritted, funnel 718 of the PUP apparatus 710 is used 
to support cylind« 634. the surface of the fritted funnel should be minimally elevated 

„ relative to the height of the fluid in the collecUon reservoir, with valves between die fntted 
funnel and the collection reservoir being in the open position. CThe fritted fiinnel elevation 
should be sufficient such that fluid passing through the hydrogel layer does not accumulate 

in the funnel.) - 
The SFC measuremem is initiated by adding NaCl solution through hole 640 m 
^ shaft 638 in order to expel air from piston head 650 and then mming stopcock 626 to an 
open position so tiiat delivery tube 622 delivers fluid to cylinder 634 to a height of 5.0 cm 
above tiie bottom of hydrogel layer 668. Although the measuremem is considered to have 
been initiated (to) at the time NnCl solution is first added, the time at which a stable 
hydrostatic pressure, corresponding to 5.0 cm of saline solution, and a sUble flow rateis 
30 attained (ts) is noted. (The time ts should typically be about one minute or less.) The 
quantity of fluid passing through hydrogel layer 668 versus time is determined 
gravimetrically for a time period of 10 minutes. After the elapsed time, piston/cy^inder 
assembly 628 is removed and the thickness of hydrogel layer 668 is measured. Generally the 
change in thickness of ti« hydrogel layer is less than about 10%. 

m general flo>v rate need not be constam. The time-dependent flow rate through 
Uie ^em, Fs (t) is determined, in units of g/sec by dividing the incremental weight of fluid 
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passing through the system (in grams) by incremental time (in seconds). Only data collected 
for times between ts and 10 minutes is used for flow rate calculations. Flow rate results 
bel^veen ts and 10 minutes is used to calculate a value for Fs (t=0). the iniual flow rate 
through the hydrogel layer. Fs (t=0) is calculated by extrapolaUng the results of a least- 
squares fit of Fj (t) versus time to t=0. 

For a layer having a very high permeability (e.g.. a flow rate greater than - 2 g/sec). 
it may not be practical to collect fluid for the foU 10 minute time period. For flow rates 
greater than - 2 g/sec. the Ume of colleaion can be shortened in proportion to the flow rate. 

For some hydrogel-forming absoibem polymers having extremely low permeability, 
absorption of fluid by the hydrogel competes with transport of fluid through the hydrogel 
layer and either there is no flow of fluid through the hydrogel layer and into the reservoir or. 
possibly, there is a net absorption of fluid out of the PUP reservoir. For these exuemely low 
permeability hydrogel layers, it is optional to extend the time for Jayco SynUrine absorpuon 

to longer periods (e.g., 16 hours). 

In a separate measurement, the flow rate through apparatus 610 and the 
piston/o'linder assembly 628 (Fa) is measured as described above, except that no hydrogel 
layer is presem. If Fa is much greater than the flow rate through the system when the 
hydrogel layer is present, Fg. then no correction for tite flow resistance of tf.e SFC apparatus 
and the piston/cylinder assembly is necessary. In tiiis Umit. Fg = Fg. where Fg is the 
contribution of the hydrogel layer to U« flow rate of the system. However if this requirement 
is not satisfied, then the following correction is used to calculate ti.e value of Fg from the 
values of Fg and Fa: 

Fg=(FaxFs)/(Fa-Fs) 
The Saline Flow Conductivity (K) of tiie hydrogel layer is calculated using tiie 
following equation: 

K = {Fg(t=0)xLo}/{xAxP}. 
where Fg(t=0) is the flow rate in g/sec determined from regression analysis of ti.e flow rate 
results and any correction due to assembly/apparatus flow resistance. Lq is tite imual 
titicknessofthe hydrogel layer in cm. is tite density of the NaCl solution in g/cm . Aistiie 
area of ti»e hydrogel layer in cm^. P is ti.e hydrostatic pressure in dyne/cm . and ti»e salme 
flow conductivity, K, is in units of cm sec/g. 

The average of three determinations should be reported. 

3 Ball Burst Strength (BBS) Test 

This test determines the ball burst strength(BBS) of an absorbent material at ivet 
suite. BBS of an absorbent material is the force (peak load, in grams) required to produce 
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rupture of an absorbent material gel layer that is s^vollen in Jayco synthetic urine under 
procedures specified in this test method. BBS of an absorbent material is used for evaluaUon 
of the wet integrity of an absorbent material that is swollen in Jayco syntheUc urine. 
(1) Sampling apparatus 

; A suitable sampling apparatus for BBS measurement is shown in Figure 5. This 

apparatus comprises an inner-cylinder 270 which is used to contain an absoibem material 
layer 260. an outside-cylinder 230. a TEFLON flat-bottomed tray 240. an inner-cylinder 
cover plate 220. and a stainless wight 210. The inner-cylinder 270 is bored from a 
transparent LEXAN rod (or equivalent, for example Acrylic rod) and has an inner diameter 

0 of 6.00 cm (area " 28.27 cm^). wth a wall thickness of approxinately 0.5 cm, and a height 
of approximately 1.50 cm. The outside-cylinder 230 is bored from a transparent LEXAN 
rod (or equivalent, for example Acrylic rod) and has an inner diameter that is slighUy larger 
than the outside diameter of tiie inner-cylinder 270. so that the inner-cylinder 270 fiu within 
the outside-cylinder 230 and slides freely. Outside-cylinder 230 has a wall thickness of 

,5 appro.ximately 0.5 cm. and a height of approximately l.OO em. The bottom of the outside- 
cylinder 230 is faced with a No. 400 mesh stainless-steel screen 250 that is biaxially 
stretched to tautness prior to attachment. Inner-cylhider cover plate 220 is made of glass 
plate with a thickness of 0.8 cm and a weight of 500 g. Stainless weight 210 has a weight of 
1700 g. 

30 (2) Burst tester 

A Tensile Tester with a burst lest load cell (Intelect-II-STD Tensile Tester, made 
by Thwing-Albert Instrument Co.. Pennsylvania) is used for this test Referring to Figure 5. 
this apparatus comprises a circular sample lower clamp platen 280 that is mount on a 
stationaiy crosshead 310 provided at the top of a dual screw instrument, aforce sensing load 

2S ceU 330 equipped with a polished stainless steel ball-shaped probe 290, a moving crosshead 
320. and a upper clamping platen 300 that is used to clamp a sample 260 pneumaUcally. 
Lower clamp platen 280 is mount on Uie stationary crosshead 310. The force sensing load 
cell 330 is equipped with the probe 290. Both lower clamp platen 280 and upper clamp 
platen 300 have a diameter of 115mm. a thickness of 2.9mm, and a circular opening 
30 18.65mm in diameter. Polished stainless steel ball-shaped probe 290 has a diameter of 
15.84mm. The moving crosshead 320 moves up. causing the probe 290 to contact and 
penetrate the sample 260. When the probe 290 penetrate the sample 260, the test is 
considered complete, and the test result data are displayed and recorded. 
(3) Procedure 

35 Referring to Figure 5, inner-cylinder 270 is inserted into outside-cylinder 230. 1.4 

g aliquot of an absoibent material is added to the inner-cylinder 270 and dispersed evenly on 
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the 400 mesh stainless screen 250 of Ihe bottom via gently shaking and/or tapping of the 
assembled cylinders. Tlie assembled c>-linders with absorbent material are transferred to 
TEFLON flat-bottomed tray 240. and inner-cylinder cover plate 220 is positioned onto 
inner-cylinder 270. 42.0 Milliliters of Jayco synthetic urine is applied to TEFLON flai- 
5 bottomed tray 240. Jayco synthetic urine from TEFLON flat-bonomed tray 240 passes 
through the stainless screen 250. All of the applied urine is absorbed by the absorbent 
material 260 for 5 minutes. Then the stainless weight 210 is placed onto the inner-cylinder 
cover plate 220. After further 25 minutes, stainless weight 210 and inner-cylinder cover 
plate 220 are removed. Consequently, the predetermined layer 260 of the swollen absorbent 
10 material for the GBD measurement has been prepared. The inner-cylinder 270 with the 
absorbent material gel lajxr 260 is immediately transferred to the Burst Tester for BBS test. 

Referring to Figure 6. inner-cylinder 270 with an absorbent material gel layer 260 is 
positioned on lower clamp platen 280 and is fixed pneumatically with upper clamping 
platen 300. Using a break sensitivity of 10.00 g and a test speed of 5.00 inch/minutes and 
15 Initiating the test by pressing the Test s\vitch. The moving crosshead 320 moves up until 
polished stainless steel ball-shaped probe 290 penetrate absorbent material gd layer 260. 
After a sample burst is registered, moving crosshead 320 returns to start position. The BBS 
is expressed as peak load grams. The average of three determinations should be reported. 

10 4. Compression Recovery (CR) Test 

This test determines the recovery from compression of an absorbent material that is 
swollen in Jayco synthetic urine. Recovery of compression (RQ is the extent that an 
absoibent material at wet state has remmed to its original shape when subjected to the 
compression under procedures specified in this test method. RC of an absorbent material is 
25 used for evaluation of the wet integrity of an absorbent material thai is swollen in Jayco 
synthetic urine, and is related to the ability of an absorbent material at wet state to resume its 
original shape after being subjected to tensional and torsional forces of varying intensity and 
direction during normal use. RC is also related to Uie tightness or snugness of an absoibent 
nnaterial at wet state. 
30 (1) Sampling apparatus 

A suitable sampling apparatus for RC measurement is similar to the apparams used 
in the BBS test (as sho^vn in Figure 5) but is higher in height Uian the latter. The apparatus 
for RC measurement comprises an inner-cylinder 270 which is used to contain an absoibent 
material layer 260, an outside-cylinder 230, a TEFLON f Hat-bottomed tray 240, an inner- 
35 cylinder cover plate 220. and a stainless weight 2 10. The inner-cylinder 270 is bored from a 
transparent LEXAN rod (or equivalent, for e.xample Acrylic rod) and has an inner diameter 
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of 6.00 cm (area = 28.27 cm^). with a w-all thickness of approximately 0.5 cm, and a iieiglit 
of approximately 2.00 cm. The outside-cylinder 230 is bored from a transparem LEXAN 
rod (or equivalent, for example Acn-lic rod) and has an inner diameter that is slightly larger 
than the outside diameter of the inner-cj linder 270, so that the inner-cylinder 270 fits within 

s the outside-cylinder 230 and slides freely. Outside-cylinder 230 has a wall thickness of 
approximately 0.5 cm, and a height of approximately 1.00 an. The bottom of the outside- 
cylinder 230 is faced wth a No. 400 mesh stainless-steel screen 250 that is biaxially 
stretched to tautness prior to attachment. Imier-cylinder cover plate 220 is made of glass 
plate with a thickness of 8.00cm and a x«ight of 530g. Stainless weight 210 has a weight of 

10 1672g. 

(2) Compression Tester 

A Handy-type Compression Tester (KES-G5, made by Kato Tech Co., Ltd.. Kyoto) 
is used in this method. Referring to Figure 7. the mechanical part of this apparatus 
comprises a compression plate 310. a load indicator 350 that is connected to compression 
,5 plate 310. a drive mechanism 360. and a specimen stand 320. A load indicator 350 is 
capable of showing the total load (gf/cm^) carried by the test specimen. A compression plate 
310 is circular plate with a area of 2.00cm2. a thickness of 0.40 cm. A driving mechanism 
360 is capable of imparting to the compression plate 310 a uniform and steady controlled 
compression/recovery rate (cm/sec.). 
20 (3) Procedure 

inner-cylinder 270 is inserted into outside-cylinder 230. 2.8 g aliquot of an 
absorbem material is added to the inner-cylinder 270 and dispersed evenly on the 400 mesh 
stainless screen 250 of the bottom via gently shaking and/or tapping of the assembled 
cylinders, the assembled cylinders with absoibent material are transferred to -reFLON flat- 
us bottomed tray 240, and inner-cylinder cover plate 220 is positioned onto InnerKylinder 270. 
56 MilUliters of Jayco synthetic urine is added to TEFLON flat-bottomed tray 240. Jayco 
synthetic urine from TEFLON flat-bottomed tray 240 passes through the stainless screen 
250. All of the applied urine is absorbed by the absorbem material 260 for 5 minutes. Then 
the stainless weight 210 is placed onto the imier-cylinder cover plate 220. After further 25 
30 minutes, stainless weight 210 and inner-cylinder cover plate 220 are removed. 
Consequemly. the predetermined layer 260 of the swollen absort^nt material for the C5BD 
measurement has been prepared. The inner^ylinder 270 with the absoAent material gel 
layer 260 is immediately transferred to the Compression Tester for RC test 

Imier-cylinder 270 wth an absoibem material gel layer 260 is immediately 
,5 positioned on specimen stand 320 of the Handy-type Compression Tester as shown in Figure 
7. Compression plate 310 is positioned on to absorbent material gel layer 330 surface but 
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without compressing the specimen (0 gf/cm^ load at 0 cm compression depth). The 
compression depth is selected in the range from 0 to 1.00 cm, the compression/recovery rate 
is selected at 0.01 cm/sec, and the load sensitivity is selected at 10 gf. Start the test by 
pushing start switch of the Tester. Drive mechanism 360 drives compression plate 310 to 
5 compress an absorbent material gel layer 330 at a speed of 0.01 cm/sec. Ull the compression 
depth reaches 1.00 cm. and then the compression plate 310 returns at the same speed as 
compression to the original position. The load (gfycm^) and depth (cm) are recorded, by 
using a XY-Recorder. Compression recovery (CR) is expressed as the percentage of recoveiy 
work (gfcm/cm2) ^ compression work (gfcm/cm^). As shown in Figure 8. recoveiy work 
,0 corresponds to the area (Sr) that is enclosed by the lecovciy curve, AB line and horizontal 
axis. Compression work corresponds to the area that is enclosed by the compression curve, 
AB line and horizontal axis, and is equal to the total area of Sc + Sr, where Sc corresponds 
to the area that is enclosed by the compression curve, and the recoveiy curve. Therefore. RC 
can be calculated from the following equation: 
,5 RC % = Sr/(Sc + Sr) x 100. 

The average of three determinations should be reported. 
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5. Gel Volume 

Gel volume of a hydrogel-forming absorbent polymer is defined as its ftee-swell 
absorbent capacity when swollen in an excess of Jayco synthetic urine. It provides a measure 
of the maximum absorbent capacity of the polymer under conditions of use where the 
pressures on the polymer are relatively loxv. For most hydrogel-forming absort,cnt polymers, 
gel volume is determined by the method described in U.S. Reissue Patem 32.649 (Brandt et 
al), reissued April 19. 1988 (herein incorporated by reference) but using the Jayco Synthetic 
Urine described above. All of the chemicals are of reagent grade. The pH of the synthetic 
urine is in the range of 6.0 to 6.4. The gel volume is calculated on a diy-weight baste. The 
dry weight used in the gel volume calculation is determined by oven drying the hydrogel- 
forming absorbent polymer at lOS-C for three hours. 

6. Extractable Component 
nie percentage of extractable polymer in caibox^lic acid based hydrogel-forming 
polymers is determined by the Extractable Polymer Content Determination - CarboxyUc Acid 
Based nvdrogel-Forming Polymers method described in U.S. Reissue Patem 32.649 (Brandt 
ct al) reissued April 19. 1988 (herein incorporated by reference), but using 0.9% saline 
solution, filtering the supernatant through a Whatman 0.7 micron GF/F glass microfiber 
filter (e.g.. Catalog #1825-125) or equivalent, and calculating the extractable polymer on a 
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dIy-^veight basis. It is also noted that in U.S. Reissue Patent 32,649 that should refer to 
the volume of base and should refer to the volume of acid. 



15 



30 



G. Examples of Absorbent Materials 

PRECURSOR PARTICLE EXAMPLE 
An aqueous monomer soluUon is prepared consisting of 4000 g of partially 
neutralized acrylic acid having a 75 mol% portion thereof neutralized Mdth causUc soda. 3.7 
g of N.N-methylene-bis-ac.ylamide, and 6000 g of water. The aqueous monomer soluuon 
is fed into the reaction vessel, which is subsequenUy purged with nitrogen gas to remove the 
remaining entrapped air from the reaction system. Then, the mixture was stirred and heated 
to about 45-C. and a solution of 20 g of 2,r-azo-bis-(2.amidinopropane)Kiihydrochlonde m 
100 g of water is added thereto as a polymerization iniUator. PolymerizaUon begins about 15 
minutes after the addition of the polymerization initiator. With, the progress of the 
polymerization, the aqueous monomer solution gives rise to a soft waterK»ntaining geL The 
inner temperature of the reaction system is kept at 80 - 90»C for hours to further complete 
the polymerization. A swollen absorbem gelling polymer is formed. Theresultant swollen 
absorbent gelling polymer thus obtained is spread on a standard #50 size metal gauge and 
dried ^vith a hot air at ISO'C. The dried particles are pulverized with a hammer type cmsher 
and sifted with a standard #20 sieve (850 microns) to obtain particles that pass through the 
standard #20 sieve. As a result, dry white precursor absorbem gelling particles are obtained. 

Example 1 

A solution is prepared consisting of 250 g of polyallyamine soluUon with a 
concentration of 10% by weight (PAA-C, supplied from Nitto Boseki Co. Ltd.. Tokyo). 1600 
g of ethanol. The solution is applied to 2500 g of the precursor particles made in accordance 
^th the Precursor Particle E.>cample in a 20.1i.ers evaporator flask. The precursor particles 
have a parUcle size such that the precursor particles pass through a standard #20 sieve (850 
microns) and are retained on a standard #100 sieve (150 microns). The mixture is 
, thoroughly mixed with a spatula umil all of the precursor particles are wetted with the above 
solution The solvem included in the resultam mixture is evaporated with a rotary 
evaporator (EYELA N-1 1 type, available from TOKYO RIKAKHCAI CO.. LTD.. Tokyo) at 
60 oc The resultant product is vacuum dried at 100 OC for 3 hours. The dried absorbem 
material is pulverized >vith a hammer type crusher and sifted with a standard #20 sieve (850 
, microns) to obuin particles that pass through the standard #20 sieve. As a result, dry white 
particles of the resultant absort«nt material (Ex. #1) are obtained. In comparison of the 
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properties of the precursor panicles and the absorbent material (Ex. #1), the gel volume, 
BBS value and RG value of the precursor particles are 40.0g/g, 17 gf and 9%, respectively, 
while the gel volume, BBS value and RC value of the absorbent material (Ex. *1) are 39.2 
g/g, 160 gf and 62%, respectively. 
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Example 2 

Absorbent gelling particles obtained from commercial sources are used in this 
example. 2500 Grams of Aqualic CA L76lf (lot # 4N22-G29) supplied from Nippon 
Shokubai Co. Ltd., Osaka, Japan, is placed in a 20-liters rotaiy evaporator flask. L761f is a 
surface-crosslinked absorbent gelling particle. A solution consisting of 250 g of 
polyallyamine soluUon with a concentration of 10% by weight (PAA-C, supplied from Nitto 
Boseki Co. Ltd,, Tokyo), 1600 g of etlianol is applied to the flask. The mixture is thoroughly 
mixed with a spatula until all of the precursor particles are wetted with the above solution. 
The solvent included in the resultant mixture is evaporated with a rotary evaporator (EYELA 
N-1 1 type, available from TOKYO RDCAKIKAI CO., LTD., Tokyo) at 60 ^C. The resultant 
product is vacuum dried at 100 ^C for 3 hours. The dried absorbent material is pulverized 
with a hammer type crusher and sifted with a standard #20 sieve (850 microns) to obtain 
parUcies that pass through Uie standard #20 sieve. As a result, dry white particles of the 
resultant absorbent material (Ex. #2) are obtained. The CR curve for the absorbent material 
(Ex. #2) is shown in Figure 9, By contrast, the GR curve for L761f is shown in Figure 10. A 
comparison table for showing the properties of these materials is summarized in Table 1 
below: 



Sample 


Gel 


GBD 


SFC 


BBS 


CR 


Extxactable 




Volume 




(lO-'^cm^ 


(gi) 


(%) 


component 








sec/fi) 






(%) 


L761f 


37.5 


1,09 


4 


17 


7 


12.3 


Ex. #2 


36.2 


0.75 


29.8 


138 


51 


8.9 
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Example 3 

Absorbent gelling particles obtained from commercial sources are used in this 
example. 100 Grams of Aqualic CA L761f (lot # 4E28-012) supplied from Nippon Shokubai 
Co. Ltd., Osaka, Japan, is placed in a Kitchen-type Mixer. A solution is prepared consisUng 
of 10 g of polyallyamine solution with a concentraUon of 10% by weight (PAA-C. supplied 
from Nitto Boseki Co. Ltd. Osaka), and 20 g of cthanol. After a portion of the solution is 
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sprayed onto the absorbent gelling particles vith a sprayer (type: 24-182^4; available from 
luchi Scieido Co., Ltd.. Osaka), the mixer is operated for a period of about 4 minutes. Then 
more solution is sprayed, and the mixer is operated again for another 4 minutes. Repeaung 
the spraying/mi.xing processes till all the solution are sprayed on to the absort^nt gelhng 
particle. The resultam mixture is dried xvith an vacuum oven at about 100 "C for about 3 
hours. The dried particles are pulverized vnlh a hammer type crusher and sifted vdth a 
standard #20 sieve (850 microns) to obtain particles that pass through the standard #20 
sieve. AS a result, dry white particles of the resultant absoibem material are obtained. The 
properties of the resultant absorbent material (Ex. #3) are shown in Table 2. 
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Table 2 



Sample 


Gel 


GBD 


SFC 


BBS 


CR 1 


Exiractable 




volume 


(g/cm^) 


(10-7cm3 


(gO 


(%) 


weight 




(ft/R) 




sec/g) 






(%) 


L761f 


36.4 


1.07 


9 


21 


8 


11.1 


Ex. « 


35.0 


0.78 


45 


124 


55 


9.0 
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What is claimed is 

1. An absorbent material having an improved absorbent property, comprising a 
mixture of (1) a plurality of absorbent gelling particles comprising a water-insoluble, 
water-swellable polymer, and (2) an absorbent property modification polymer 
reactive with at least one component included in a urine, characterized in that said 
mixture is made by (i) applying a solution containing an organic solvent, preferably a 
polar organic solvent, water and said absorbent property modification polymer onto 
said plurality of absorbent gelling particles, wherein the weight ratio of said organic 
solvent to said water is at least 50:50, preferably firom 70:30 to 98:2, and (ii) 
removing a portion of said organic solvent and water firom the applied absorbent 
gelling particles. 

2. The absorijent material of Claim 1 characterized in that said absorbent 
property modification polymer is a cationic polymer, preferably a polyamine or 
polyimine material. 

3. The absorbent material of Claim 2 characterized in that said at least one 
component included in a urine is an anion having at least two ionic charge numbers, 
and said cationic polymer is reactive with said anion in a urine, said anion preferably 
being a pliosphate ion, a sulfate ion, or a carbonate ion, sdd cationic polymer being 
reactive with said phosphate ion, sulfate ion, or carbonate ion in a urine. 

4. The absorbent material according to Claims 2 to 3 characterized in that said 
polyamine is selected fi-om the group consisting of (a) polymer shaving primary 
amine groups; (b) polymers having secondary amine groups; (c) polymers having 
tertiary amine groups; and (d) mixtures thereof. 

5. The absori)ent material of any of Claims 1 to 4 characterized in that said polar 
orgaiuc solvent is selected from the group consisting of a methanol, an ethanol, a 
propanol. an acetone, a dimethylformamideCDMF), a dimethylsulfoxide(DMSO). and 
a hexylmethylphosphoric triamide(HMPT). 

6. The absorbent material of any of Claims 1 to 5 characterized that, when said 
absorbent material swells by absorbing urine and is formed into a predetermined layer 
of the swollen absorbent material under a predetermined load, said layer of the 
swollen absorbent gelling particles has a Gel Bulk Density (GBD) value of below 
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0.95 g/cm3 in the GBD test, a Saline Flow Conductivity (SFC) value of at least 20 x 
lO-^cm^sec/g in the SFC test, a Ball Burst Strength (BBS) value of at least 30 gf in 
the BBS test, anda Compression Recovery (CR) value of at least 15 % in the CR 
test. 

7. An absorbent article comprising: (a) a liquid pervious topsheet; (b) a liquid 
impervious backsheet; and (c) an absorbent core positioned between said topsheet 
and said backsheet, characterized in that said absorbent core comprises at least one 
absorbent material of any of Claims 1 to 6, preferably in a concentration of from 
about 60 to 100% by weight in said absorbent core. 

8. A method for making an absorbent material having an improved absorbent 
property, characterized in that it comprises the steps of: 

(1) preparing a solution containing an organic solvent, preferably a polar 
orgarac solvent, water and an absoibent property modification polymer, preferably a 
catiorac polymer, reactive with at least one component included in a urine, wherein 
the weight ratio of said organic solvent to said water is at least 50:50, preferably 
from 70:30 to 98:2.; 

(2) applying an amount of said solution onto a plurality of absorbent 
gelling particles comprising a water-insoluble, water-swellable polymer, and 

(3) removing a portion of said organic solvent and water from the applied 
absorbent gelling particles. 

9. The method of Claim 8 characterized in that said at least one component 
included in a urine is an anion having at least two ionic charge numbers, and said 
cationic polymer is reactive with said anion in a urine, said aruon preferably being a 
phosphate ion, a sulfate ion, or a carbonate ion, and said cationic polymer is reactive 
with said phosphate ion, sulfate ion, or carbonate ion in a urine. 

10. The method of any Claims 8 to 9 characterized in that said cationic polymer is 
a polyamine or polyimine material, said polyamine preferably being selected from the 
group consisting of (a) polymers having primary amine groups; (b) polymers having 
secondary amine groups; (c) polymers having tertiary amine groups; and (d) mixtures 
thereof 

11. The method of any of Claims 8 to 1 0 characterized in that said polar organic 
solvent is selected from the group consisting of a methanol, an ethanol, a propanol, 
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an acetone, a dimethylformamideCDMF), a dimethylsulfoxide(DMSO), and a ' 
hexylniethylphosphoric triamide(HMPT). 
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Fig. 1 
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Fig. 4 
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Fig. 8 
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Compression depth ( cm } 



Fig. 9 



wo 95/22356 PCrr/US95/01061 

9/9 




Fig. 10 



INTERNATIONAL SEARCH REPORT 



Intoot >1 AppUcitiaii No 

PCT/US 95/01061 



Ipct"" A61U5/ir''^ A61U5/42 C08J3/12 //C08L101 : 14 



According 



u, i^w^-Hnnri P«tent gasancatiOB (IPQ or to both national da^flcalion anO IPC 



B. FIELDS SEARCHED -— 

Minimum doomeatalion .e.«h«l (d»»f.catio„ <^ flowed «.y «a»ueaaon symbols) 



IPC 6 A61L CD8J 



Documentation 



searched ott»cr than minimum documentation to the extent ttiat such documents 



are included in the fields searched 



Electronic data base consulUd during the 



international seaitih (name of daU base and, where practical, searcn icrms useiQ 



C. POCUMEOTS CONSIDERED TO BE RELEVANT 



Category * 



a«ion of documem. with toUcatioi.. Where .pp«>pri«e, of <hei«le»«ttp««age« 

EP.A.O 493 Oil (NIPPON CATALYTIC CHEM IND) 

1 July 1992 e 1 • . 7 

see page 4. line 52 - page 5. line 7 
see page 5, line 56 - page 6, line IZ 
see claims; examples 

EP.A.O 474 443 (NIPPON CATALYTIC CHEM IND) 
seliage line 27 - line 56; examples; 

t-able 1 ill 
see page 4, line 21 - line 41 

WO A 93 25735 (COURTAULDS FIBRES HOLDINGS 
LiM '.AKERS PAUL JOHN (GB); BRUNSKILL WI) 
23 December 1993 . 
see page 3. line 5 - line 18; claims 1,4 

-/- 



Relevant to claim No. 

1-5.7-11 



Ij^ Fmftca^ocumenB arc listed in fce tonliimalira of tax C. 



m 



Patent family members are listed in annex. 



i • Special categories of cited documents : 

1 -A- document defining the general stjrteofftear^ 
considered to be of particular relevance 
-E- earlier document but published on or after the intemattonal 
fUing date . ■ / v 

citation or other speaal reason (as speafied) 
' document referring to an oral disdosurc, use, exhibition or 
Other means 

document published prior to the international filing date hut 
later than the priority date claimed 



ZxS^^^m^!^^^ principle or theory uncfcriymg the 

invention . 
•X* document of particular relevance; the dairocd imwi^^^^ 

^t be coSdertd novel or c«mot be 

Svolvc an inventive step when the document is taken alone 
-V document of particular relevance; die claimed invention 
^ SrSe^cLSdered to involve an in>«^ 

document is combined with one or «^ ^JSL 

TocT^ such combination being obvious to a pereon dolled 

in the ait. 

document member of the same patent family 



bate of the actual completion of the international search 



Name and -^"n^^^; ^^^^ p.^. 5gl . Patentiaan 2 

¥^(iir.?j;'3«-nc.31651eponl. 
Fax: (-»■ 3 1-70) 340-3016 

^onn PCT/ISA/310 (lecoDd .heel) (July 1993) 



Date of mailing of the international search report 




Cousins-Van Steen, G 



page 



1 of 2 



INTERNATIONAL SEARCH REPORT 



Intern al AppUcalion No 

PCT/US 95/01061 



C^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



ataticm of document, ivith indication, whax appropriate, of the relevant passages 



Relevant to claim No. 



EP,A,0 019 371 (UNILEVER PLC ;UNILEVER NV 

(NL)} 26 November 1980 

see page 5, line 1 - line 12 

EP.A,0 248 963 (AMERICAN COLLOID CO) 16 
December 1987 



Fom» PCT/ISA/310 (continuation of iwond sheet) (July 1993} 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

I patml famUy ncmbcn 



Patent document 
cited in search report 

EP-A-0493011 



lattm. y AppUeMion No 

PCT/US 95/01061 



Publication 
date 

01^07^92 



Patent ramily 
nieinber(t) 



JP-A- 
US-A- 
JP-A- 



5031362 
5382610 
5096159 



Publiemtian 
dale 

09-02-93 
17-01-95 
20-04-93 



EP-A-0474443 



WO-A-9325735 
EP-A-0019371 



11-03-92 



JP-A- 
OP-A- 
CA-A- 
US-A- 



4119156 
4119157 
2049861 
5195999 



23-12-93 
26-11-80 



CA-A- 
EP-A- 



2137828 
0644958 



AT-T- 
CA-A- 
JP-A- 
JP-B- 



6033 
1152483 
55146153 
62047541 



20-04-92 
20-04-92 
01-03-92 
23-03-93 



23-12-93 
29-03-95 



15-02-84 
23-08-83 
14-11-80 
08-10-87 



EP-A-0248963 



16-12-87 



US-A- 
CA-A- 
DE-A- 
US-A- 
US-A- 
US-A- 
US-A- 



4755562 
1276370 
3686884 
4820773 
4824901 
4954562 
4985518 



05-07-88 
13-11-90 
05-11-92 
11-04-89 
25-04-89 
04-09-90 
15-01-91 



Form PCT/ISAflia (!>««« ■"»«> W"'" 



